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AN APPARATUS AND METHOD OF RADIO ACCESS MANAGEMENT FOR 
A RADIO COMMUNICATION SYSTEM 



5 Field of the invention 

The invention relates to an apparatus and a method of radio ajpcess 
management for a radio communication system and in particular but not 
exclusively to a system for access management in a CDMA celjular 
10 communication system. 



Background of the Invention 



15 In a cellular communication system, a geographical region is c|vided into a 
number of cells each of which is served by base station. The bdbe stations are 
interconnected by a fixed network, which can communicate da a between the 
base stations. A mobile station is served via a radio communic ition link by the 
base station of the cell within which the mobile station is situqted. 

20 

As a mobile station moves, it may move from the coverage of oiie base station 
to the coverage of another, i.e. from one cell to another. As the mobile station 
moves towards base station, it enters a region of overlapping c average of two 
base stations and within this overlap region it changes to be si pported by the 
25 new base station. As the mobile station moves further into the new cell, it 
continues to be supported by the new base station. This is kno ra as a 
handover or handoff of a mobile station between cells. 



A typical cellular communication system extends coverage ovej typically an 
30 entire country and comprises hundreds or even thousands of o Us supporting 
thousands or even millions of mobile stations. Communicationjpom a mobile 
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station to a base station is known as uplink, and communication from a base 
station to a mobile station is known as downlink. 

The fixed network interconnecting the base stations is operab 2 to route data 
5 between any two base stations, thereby enabling a mobile stat on in a cell to 
communicate with a mobile station in any other cell. In additi >n, the fixed 
network comprises gateway functions for interconnecting to e? ternal networks 



such as the Public Switched Telephone Network (PSTN), ther. 
mobile stations to communicate with landline telephones and 
1 0 communication terminals connected by a landline. Furthermo 

network comprises much of the functionality required for man iging a 
conventional cellular communication network including functi >nality for 
routing data, admission control, resource allocation, subscribe 
station authentication etc. 

15 



by allowing 
>ther 

e, the fixed 



billing, mobile 



Currently, the most ubiquitous cellular communication systen is the 2nd 
generation communication system known as the Global Systei 1 for Mobile 
communication (GSM). GSM uses a technology known as Time Division 
Multiple Access (TDMA) wherein user separation is achieved 1 y dividing 

20 frequency carriers into 8 discrete time slots, which individual! * can be 
allocated to a user. A base station may be allocated a single ca Tier or a 
multiple of carriers. One carrier is used for a pilot signal whic 1 further 
contains broadcast information. This carrier is used by mobile stations for 
measuring of the signal level of transmissions from different b ise stations, and 

25 the obtained information is used for determining a suitable se ving cell during 
initial access or handovers. Further description of the GSM Tl MA 
communication system can be found in 'The GSM System for J [obile 
Communications' by Michel Mouly and Marie Bernadette Paufet, Bay Foreign 
Language Books, 1992, ISBN 2950719007. 

30 
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Currently, 3rd generation systems are being rolled out to furt] er enhance the 
communication services provided to mobile users. The most w: iely adopted 3rd 
generation communication systems are based on Code Divisio] Multiple 
Access (CDMA) wherein user separation is obtained by allocat ng different 
5 spreading and scrambling codes to different users on the same carrier 

frequency. The transmissions are spread by multiplication wit 1 the allocated 
codes thereby causing the signal to be spread over a wide bam width. At the 
receiver, the codes are used to de-spread the received signal tl sreby 
regenerating the original signal. Each base station has a code 

1 0 pilot and broadcast signal, and as for GSM this is used for mej 
multiple cells in order to determine a serving cell. An example of a 
communication system using this principle is the Universal M >bile 
Telecommunication System (UMTS), which is currently being leployed. 
Further description of CDMA and specifically of the Widebanc CDMA 

1 5 (WCDMA) mode of UMTS can be found in 'WCDMA for UMT£ , Harri Holma 
(editor), Antti Toskala (Editor), Wiley & Sons, 2001, ISBN 041 L486876 
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surements of 



In a UMTS CDMA communication system, the communicatior 
comprises a core network and a Radio Access Network (RAN). 

20 network is operable to route data from one part of the RAN to 
as interfacing with other communication systems. In addition, 
many of the operation and management functions of a 
system, such as billing. The RAN is operable to support wirele 
units over a radio link being part of the air interface. The 

25 unit may be a mobile station, a communication terminal, a 
assistant, a laptop computer, an embedded communication 
communication element communicating over the air interface, 
comprises the base stations, which in UMTS are known as No 
Radio Network Controllers (RNC), which control the Node Bs 

30 communication over the air interface. 
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When a mobile station initiates a call or accesses a new cell fo] setting up a 
soft-handover leg in UMTS, it transmits an initial access mess ige to the 
appropriate base station. This access message is known as a R \CH (Random 
Access Channel) message. In UMTS, the RACH access mechai ism uses a 
5 slotted ALOHA protocol wherein the random access channel h divided into 
discrete time slots that can be used for accessing the base stat on. The base 
station broadcasts timing information that the mobile station ises to 
synchronise to the time slots of the RACH channel. The mobile station 
transmits the RACH message by choosing a RACH time slot a| random, and 
1 0 transmitting the RACH message in this time slot. 



When the base station receives the RACH information messag >, it generates a 
data packet comprising the contained information and commu ricates it to a 
Radio Network Controller (RNC). The RNC is in charge of resc urce allocation 

1 5 for the air interface, and in response to the received informatk a it proceeds to 
allocate communication resource to the originating mobile stat on or to reject 
the access request. The RNC communicates the required infori lation back to 
the base station, which in response proceeds to setup and conf jure the 
communication link with the mobile station or to inform the m >bile station of 

20 the rejection. 



Effective radio access control is essential for an efficient resource utilisation 
and in particular for an efficient resource utilisation in a CDM k 
communication system where there is a balance between capacity and the 
25 performance of the system. 



In conventional CDMA access control methods, a resource reqinrement 
associated with an access message is determined and the mobile 
admitted or rejected depending on this resource requirement. 
30 given requested service is typically known to require a specific 
interference ratio and have a given bit rate. A required transit tit 
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determined that is guaranteed to result in required signal to interference ratio 
regardless of the specific operating conditions of the individua mobile station. 
Thus, each service is considered to have a corresponding nomii ial resource 
requirement which depends only on the service itself and not c a the current or 
5 specific operating conditions. This resource requirement is use 1 to decide 
whether to access or reject the mobile station. 



power may 



transmit ^ower 



statio is 



However, this is clearly a very inaccurate approach as conditic|is 
mobile stations may vary considerably. Especially, for lower 

10 practical measurements show that a downlink transmit 

between typically 1 and 10 W for the same service dependent 
may correspond to 20% or more of the total available 
Clearly, admission decisions based on a conservative resource 
allow for acceptable performance of the admitted mobile 

15 result in many access requests being rejected which could hav 
adequately supported by the base stations. This will cause the 
loaded and will result in dropped calls and a reduced capacity 
communication system as a whole. However, using a less 
estimate may allow more mobile stations but the base station 

20 cases not be able to support all the admitted services resulting in 
performance and possibly dropped calls for all the mobile 
Thus, it is clear that current access control algorithms are sub 
result in degraded performance and capacity of the 



stati >ns 



commumcj tion 



25 Hence, an improved system for access control in a radio comm inication system 
would be advantageous and in particular a system allowing fo] a more 
accurate resource determination, an improved performance anp an increased 
capacity. 



for different 
sjfreading factors, 
vary y 
his variation 
in a cell, 
stimate will 

but will 
been 

ell to be under- 
fthe 
conservative 

aay in some 



degraded 
supported, 
ptimal and 
system. 



30 EP1032237 Al (Motorola) addresses the problem of uplink (sulscriber to base 
station) control, allowing the subscriber to benefit from power lontrol 
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information being sent from multiple base stations and using tbe best 
information to limit the power output of subscriber units with mpaired 
uplinks to certain base stations. As such it does not address th > current 
problem of downlink resource allocation for new calls. 



WO2000/25444 Al (Roke) is another uplink scheme to reduce 1 )tal power 
output from the subscriber unit during bursts of on/off periods and does not 
address the current problem of downlink resource allocation fo r new calls. 



10 US2002/001292 Al (Miyamoto) is a downlink power control sc 

the minimum power control window to be exceeded on demandwithin 
existing call channel. Consequently it does not address the cuifent 
downlink resource allocation for new calls. 



15 



Summar y of the Invention 



Accordingly, the Invention seeks to preferably mitigate, 
one or more of the above mentioned disadvantages singly or in 
20 combination. 



n 



According to a first aspect of the invention there is provided ai 
radio communication system comprising: means for receiving 
message transmitted from a subscriber unit to a base station; 
25 determining an interference characteristic associated with the 
and means for determining a resource requirement for achievi 
signal to interference ratio in response to the interference chai acteristic 



The invention may allow an improved access control based on 
30 accuracy of the resource requirement. The actual interference 
may be taken into account and thus the resource requirement 
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current conditions in which the subscriber unit operates. Henc individual 
resource requirements appropriate for the individual subscribf r unit and its 
current operating conditions are preferably determined. The ii vention may 
allow an improved performance and/or increased capacity of tl 3 radio 
5 communication system as a whole. The desired signal to inter! >rence ratio is 
preferably dependent on a service associated with the access n essage. 



Preferably the means for determining the interference characteristic 
means for determining the resource requirement are located ii 
1 0 and may for example be situated in the base station, in a Radi 
Controller or distributed between different network elements. 



According to a different feature of the invention, the means foq determining 
the interference characteristic is operable to determine a distance 
1 5 characteristic indicative of a distance between the subscriber ilnit 
station and to determine the interference characteristic in response 
distance characteristic. 



and the 
the network 
Network 



it and the base 
to the 



Interference conditions may typically vary with the distance bltween a 
20 subscriber unit and the base station and typically the intra-cel . and inter-cell 
interference may increase with increasing distance. The featiu 3 may thus 
provide a convenient and practical measure of a likely interfer mce 
characteristic for the current subscriber unit. An improved res >urce 
requirement may be determined leading to a more precise and accurate 
25 admission control and thus resource management. The distant 3 characteristic 
need not be a direct line of sight distance between the base sta ion and the 
subscriber unit but may for example relate to an average or es imated 
propagation path including scattering. The distance character: 3tic need not be 
an accurate estimate but may for example be a rough determir ation of a 
30 presumed distance. For example, the distance characteristic m ay simply 
indicate if the subscriber unit is located in an inner or outer ai 5a of the cell. 
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According to a different feature of the invention, the means foJ determining 
the interference characteristic is operable to determine the dis ance 
characteristic in response to a propagation delay associated with a 
5 communication between the subscriber unit and the base statiln. 



This feature may allow an efficient, simple and sufficiently rel able 
determination of e.g. a distance between the subscriber unit ajd 
station. The propagation delay may be related to an uplink 
10 communication and the determination may be based on explic: 
timing information. The propagation delay may be determin< 
including the base station or may alternatively or additionally 
at the subscriber unit. 



the base 

downlink 
exchange of 

the network 
3e determined 



am /or 



led in 



1 5 According to a different feature of the invention, the distance 
comprises a ratio between an estimated distance between the f 
and the base station and a cell radius associated with the base 
allows for a simple to derive distance characteristic being dete 
suitable for determination of the interference characteristic 

20 resource requirement. 



ar i 



According to a different feature of the invention, the means foi determining 
the interference characteristic is operable to determine the int >rference 
characteristic in response to a predetermined variation of the : aterference 
25 characteristic as a function of the distance characteristic. For < xample, a 
predetermined variation may be determined based on drive tei 
data. The feature allows for reduction of the computational complexity while 
resulting in sufficiently reliable results. 



c laracteristic 



ubscriber unit 
station. This 
mined which is 
thus the 



ts or empirical 



BEST AVAILABLE COPY 



WO 2005/041607 PCT/EP2004/052010 



9 



According to a different feature of the invention, the predetermined function is 
a substantially linear function. This allows a particularly simp|e 
implementation. 



5 According to a different feature of the invention, the means 
the interference characteristic is operable to determine the int 
characteristic in response to empirical data indicating an 
the interference characteristic and the distance characteristic 
enables an accurate determination which may be accurately 

10 conditions. Specifically, it may enable accurate measurements 
used for determining the resource requirement. 



foi dete 



rmining 
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This feature 

the current 
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According to a different feature of the invention, the means 
the interference characteristic is operable to determine the i 

15 characteristic in response to simulation data indicating an 
the interference characteristic and the distance characteristic 
may enable an accurate determination and allows for a practi 
generating information related to the required relationship. Tl 
further enable or improve a determination in situations 

20 measured data is available or is suboptimal. 



foi determining 



where no 



According to a different feature of the invention, the apparatu| : 
comprises means for receiving signal measurement data from 
unit and the means for determining the interference characteristic is operable 

25 to determine the interference characteristic in response to the signal 
measurement data. This feature may allow for the current int( rference 
characteristics to be directly or indirectly determined based or 
of characteristics of signals. Specifically, measurements may b > made of one or 
more pilot signals allowing for current and reliable interferences conditions to 

30 be determined. 
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According to a different feature of the invention, the signal meisurement data 
comprises a measured signal to interference ratio of a signal oi the base 
station. The signal to interference ratio of the base station meiured at the 
subscriber unit is a particularly suitable parameter for determ 
5 interference characteristic, which may be used to determine a 
resource requirement. 



rung an 
aore accurate 



According to a different feature of the invention, the means for 
the interference characteristic is operable to determine the in* 

10 characteristic in response to the measured signal to interferon e 
known transmitted signal to interference ratio of the base station 
of the signal to interference ratio from the known transmitted 
interference ratio to an actual measured signal to interference 
accurate indication allowing an accurate determination of the |e source 

15 requirement associated with the access message. 
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According to a different feature of the invention, the interfereEpe 
comprises an intra-cell interference ratio and the means for 
interference characteristic is operable to compensate for an intfer-cell 
20 interference component of the measured signal to interference 
allow an accurate determination of the intra-cell interference 
from the inter-cell interference. As the effects, remedies and bjhaviour 
interferences may be different this may allow an improved 
determined resource requirement. 

25 

According to a different feature of the invention, the signal meisurement data 
comprises measured signal to interference ratios associated wi ;h the base 
station and a plurality of neighbouring base stations and the Jeans for 
determining the interference characteristic is operable to detefmine the 
30 interference characteristic comprising an inter-cell interference measure m 
response to the measured signal to interference ratios associated with the J^ase 
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station and the plurality of neighbouring base stations. This pi avides for a 
practical, efficient and/or accurate way of determining an intei cell 
interference measure being at least part of the interference ch* racteristic. 

5 According to a different feature of the invention, the means for determining 
the interference characteristic is operable to determine an inte :ference bias 
associated with the subscriber unit and to determine the inter: srence 
characteristic in response to the bias. Specifically, a relative bi is indicating a 
deviation from a nominal interference characteristic may be de termined. This 

10 may facilitate determination of the resource requirement and provide for an 
accurate determination. 



According to a different feature of the invention, the interferes pe 
comprises an inter-cell interference factor. Advantageously, th 
1 5 characteristic comprises an inter-cell interference factor allowi ag 
requirement to be determined in response to inter-cell interfer 
Thus, improved accuracy of the determined resource requirem 
determined. 



foi dete 



int \r 



20 According to a different feature of the invention, the means 
the interference characteristic is operable to determine the 
interference factor in response to a path loss estimate of a radj|> 
communication link between the subscriber unit and the base 
loss estimates of radio communication links between the 

25 plurality of neighbour base stations. This provides for a practi<Jal : 
and/or accurate way of determining an inter-cell interference 
least part of the interference characteristic. 



subsc *iber 



According to a different feature of the invention, the interfere! ce characteristic 
30 comprises an intra-cell interference factor. Advantageously, th 3 interference 
characteristic comprises an intra-cell interference factor allow ng the resource 
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requirement to be determined in response to intra-cell interference conditions. 
Thus, improved accuracy of the determined resource requirem* nt may be 
determined. 



nterference 



a )ase 



5 According to a different feature of the invention, the intra-cell 
factor comprises an intra-cell orthogonality factor. Typically, 
a CDMA transmits signals to a plurality of subscriber units 
codes. Scattering of the transmitted signal causes the orthogorj^lity 
reduced and typically the reduction increases with distance re 

10 increased interference. Hence, the intra-cell orthogonality 
particularly suitable parameter for determining the interferen 
and the resource requirement. 



us ng 



fact r 
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e characteristic 



According to a different feature of the invention, the means 
15 the resource requirement is further operable to determine the 
requirement in response to a noise level. This may allow 
the determined resource requirement and may particularly 
in low interference scenarios. 



for dete: 



imprc zed 



i * 



20 According to a different feature of the invention, the resource 
power requirement. Typically, communication systems have a 
limitation for each base station. Preferably the resource 
directly determined as a power value required for supporting 
associated with the access message. This may directly be relatid 

25 transmit power limitation. Hence, the power requirement may be 
resource criterion for determining access control in a radio sys em 



According to a different feature of the invention, the resource 
relative power requirement. The power resource may in some 
30 preferably be a relative requirement. This may be particularly 
in situations where determination of absolute power values is 
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impractical, impossible or inaccurate. The relative power requirement may 
example be relative to a current or maximum transmit power qf the base 
station. 



tor 



5 According to a different feature of the invention, the apparatus 
means for determining if the resource requirement is less than 
resource for the base station and for admitting access of the su 
only if the resource requirement is less than the available 
allows a highly efficient, easy to implement, low complexity 

10 performance admission control for a radio communication syst< 



comprises • 
an available 
>scriber uni^ 
This ; 
ant/or high 



reso irce 



m. 



According to a different feature of the invention, the resource requirement is 
associated with a downlink resource of the base station. This a lows an 
efficient, practical, high performance and/or accurate resource ietermination 
1 5 and resource management for a downlink resource. 



Preferably, the radio communication system is a CDMA communication 
system. 



20 According to a second aspect of the invention, there is provided a method of 
radio access management comprising the steps of receiving an access message 
from a subscriber unit at a base station; determining an interfl rence 
characteristic associated with the subscriber unit; and determi ling a resource 
requirement for achieving a desired signal to interference ratic in response to 

25 the interference characteristic. 



These and other aspects, features and advantages of the invention will be ( 
apparent from and elucidated with reference to the embodime Jt(s) described 
hereinafter. 



30 
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Brief Desc ri ption of th e Drawings 



An embodiment of the invention will be described, by way of es^mple only, 
with reference to the drawings, in which 

5 

FIG. 1 illustrates a cellular communication system in accordarfe with an 
embodiment of the invention! 

FIG, 2 illustrates an example of a variation of the intra-cell ort logonality 
10 factor as a function of distance between the subscriber unit anf the base 
station; and 

FIG. 3 illustrates an example of a table distance values and th|ir associated 
inter-cell interference factor and intra-cell orthogonality factor|values 

15 

Detailed Descrintion of a Preferred Embodiment of the Invention 



cellu ar 



The following description focuses on an embodiment of the inv< 
20 applicable to downlink resource management in a CDMA 
communication system. However, it will be appreciated that 
not limited to this application but may be applied to many oth 
radio communication systems. 



25 FIG. 1 illustrates a cellular communication system in 

embodiment of the invention. In the specific example the cellular 
communication system is a UMTS cellular communication sys em. 



In the example of FIG. 1, a subscriber unit 101 is associated w 
30 base station 101. Initially the subscriber unit 101 is in an idle 
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camped on the selected base station 101. Two neighbouring ba|e stations 105, 



107 are illustrated in FIG. 1. 



An embodiment of the invention will be described with referen e to an 
5 example wherein the subscriber unit 101 initiates a new servic i. However, it 
will be appreciated that the invention is not limited to this exa nple but is 
equally applicable in many other situations including for exam >le if the 
subscriber unit accesses the selected base station 101 in order o perform a 
hard handover or to set up a soft handover link. 

10 

In the specific example, the subscriber unit 101 initiates a serv ce request 
procedure by generating an access message and transmitting t us to the 
selected base station 103 in accordance with the requirements tnd 
specifications of the UMTS communication system. The selecte 1 base station 
15 103 is operable to receive the access message in accordance wit i requirements 
and specifications of the UMTS communication system. In the lescribed 
embodiment the access message comprises information identif ing the 
requested service. 



20 In the example of FIG. 3, the selected base station 103 is coupl id to a Radio 
Network Controller (BNC) 109 which comprises access manage ment 
functionality. Specifically, in the described embodiment, the K JC 109 
comprises admission control functionality for deciding if a serv ce request can 
be accommodated or should be rejected. 

25 

In the described embodiment, the RNC 109 comprises an interference 
characteristic processor 111 which is operable to determine an interference 
characteristic associated with the subscriber unit. In the prefe: red 
embodiment, the interference characteristic is indicative of a c irrent 
30 interference operating condition of the subscriber unit 101. Th 



characteristic need not be an accurate estimate or measure of i he current 
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interference environment but may simply be a characteristic determined or 
estimated based on one or more parameters related to an open ting condition 
or physical location of the subscriber unit. Hence, the interfere ice 
characteristic is not identical for all subscriber units in the celflbut is related 
5 to the specific subscriber unit transmitting the access request. 



characte istic 



The interference characteristic processor 111 is coupled to a re|ource 
requirement processor 113 and feeds the interference 
The resource requirement processor 113 is operable to 
10 requirement required to support the requested service 



determi le 



igne I 



equii sments 



tie 



e< 



The resource requirement is determined on the basis of a si 
ratio associated with the requested service. Typically, a downlifck 
interference ratio required to meet the quality of service r 

15 given service are known. Thus, in the described embodiment 
requirement processor 113 comprises information related to a 
to interference ratio at the subscriber unit 101 for all possible 
may be requested. Alternatively or additionally, the resource r 
processor 113 may comprise functionality for accessing an 

20 element to retrieve this information. For example, the informa 
stored in a central database such as a database comprised in 
and Management Center (OMC). 



The resource requirement is further determined in response to the 
25 interference characteristic determined by the interference chajjjacteristic 
processor 111. Specifically, the resource requirement may be u 
downlink transmit power that must be allocated in the base stition 
support the service. The required downlink transmit power m*r 
by determining the transmit power that will result in the requ red 
30 interference ratio at the subscriber unit based on an interferes ;e 
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estimated from the interference characteristic and an estimated path loss 
between the base station 103 and the subscriber unit 101. 



The resource requirement processor 113 is coupled to an access 
5 which is operable to determine if the service request is accepte 
response to the determined resource requirement. Specifically, 
controller 115 monitors the currently allocated transmit 
station 103. The access controller 115 furthermore has information 
transmit power limit of the base station 103. In a simple embo|iment 
10 access controller 115 simply adds the determined resource 
currently allocated transmit power and compares the result to 
corresponding to the transmit power limit. If the sum total 
below the threshold, the service request is accepted and if it is 
threshold it is rejected. 
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15 



The access controller 115 is coupled to the base station 101 an< 
control the base station 101 to transmit the messages associate d 
access procedure or the rejection procedure of the communication 



20 Thus, an improved accuracy of the resource requirement estim ite associated 
with a service request may be improved by the described embo iment by 
determining an interference characteristic associated with the specific 
subscriber unit rather than simply using a nominal or average estimate for all 
subscriber units of the cell. The improved accuracy allows for s much more 

25 precise resource allocation and an improved access control. Tin s, fewer service 
requests are rejected and the probability of causing an unaccej table 
degradation to existing services may be significantly reduced. [ence, improved 
performance of the access control is achieved leading to improv 3d performance 
and increased capacity of the communication system as a whol 

30 



is operable to 
with the 
system. 
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The preferred embodiment of the invention will be described irjmore detailj in 
the following with reference to FIG. 1. t 

A specific equation that may be used to determine a resource rlquirement &nd 
5 specifically a relative downlink transmit power requirement isgiven by- 



TJserAdm 



wherein B is an intra-cell interference factor , f is an inter-cell interference 
10 factor, Eb/No is the desired signal to noise ratio, a is the voice Activity factoir 
and PG is the processing gain given by 



PG = 



W 



UserBitRate 



1 5 where W is carrier chip rate and the UserBitRate is proportiorpi to the 
spreading factor. 



In a UMTS communication system, the RNC generally has information 
related to the voice activity factor, the carrier bit rate, the proc issing gain, 

20 the user bit rate and the required signal to noise ratio. Hence, he only 
unknown variables are the interference parameters 6 and £ Ti 3 6- and f- 
factors are typically the main contributors towards non-uniforj i power 
requirements between different subscriber units. Accordingly, 'ather than 
use nominal or average values for these parameters, the interf xence 

25 characteristic processor 111 of the described embodiment dete] mines j 
estimates in response to a specific characteristic or parameter Associated 
with the individual subscriber unit 101. 
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Thus in accordance with the embodiment of the invention, the INC uses 
information available from system elements in order to estima e the intra- 
cell interference factor and the intra to inter-cell interference f ctor. This 
affects the user's power level and makes the admission process|much more 
5 accurate. 



rans ni; 



Specifically, the intra-cell interference factor 6 is an intra-cell <lrtliogonality 
factor. For CDMA communication systems such as UMTS, dow llink 
transmissions to different subscriber units are synchronised ai|d 
10 transmitted using orthogonal codes* Thus, at the point of trs 
interference from signals to other subscriber units may in prin 
completely removed and not cause any deterioration in a rece 
However, due to scattering and multi-path, the orthogonality c§mnot be 
maintained. 



15 

Typically, the ratio of channel power which cannot be recovere 
receiver increases with the distance from the base station due 
increasing variation in the separation of the multi-path. This 
Rician fading and occurs due to the strong direct line of sight 
20 exist for users close to the base station. This effect is lost after 
diffraction zone where local scatters become the dominant 



i 



soui ze 



1G 



Thus, the intra-cell orthogonality factor 6 typically varies subs 
with distance between a subscriber unit and the base station 
25 illustrates an example of a variation of the intra-cell orthogonality 
as a function of distance between the subscriber unit and the 



b ise 



Similarly, the inter-cell interference factor f varies significant! as a 
function of the distance between the base station and the subs< riber unit. 
30 Specifically, interference from other cells increases as a subscriber unit 

moves further from the cell center towards the ^ e ^§^ e ^y^|L^gLg COPY 
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In the described embodiment, the interference characteristic comprises 
both the intra-cell interference factor and the inter-cell interference 
However, it will be appreciated that in other embodiments the 
5 characteristic may comprise none or only one of these interfere ice 



factor, 
interference 
factors. 



In some embodiments, the interference characteristic is detern ined in 
response to a distance characteristic indicative of a distance be ween the 
subscriber unit and the base station. Specifically, the interfere: 



10 characteristic processor 111 may be operable to determine an e stimated 



distance between the base station and the subscriber unit and 
values for the 8-factor and f-factor in response to this distance 
characteristic. 



ce 



o determine 



15 Specifically, the interference characteristic processor 111 may etermine a 
bias for each of the interference factors relative to a nominal vj lue. For 
example, a minimum value of each of the 8-factor and the f-fac or 
corresponding to a subscriber unit close to the base station ma; be known. 
This minimum value may be increased by the interference cha: acteristic 

20 processor 111 dependent on the distance between the subscriber unit and 
the base station. 



In UMTS, each call set-up initiates by an access message being transmitted 
on the RACH channel. When the subscriber unit is camped on a single 
25 base station, the subscriber unit uses the timing reference oft] is cell for 
the transmission of access messages. This allows propagation ( elays 
between the subscriber unit and the base station to be calculat id and 
accordingly enables that the distance between the subscriber \fiit and the 
base station is estimated from the propagation delay. 

30 
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In the technical specifications developed by the 3 rd Generation [Partnership 
Project (3GPP), a propagation delay information element is op1 tonally 
attached to a common channel header along with the RACH in brmation. 
The propagation delay corresponds to the earliest arriving ray ind thus the 
5 minimum distance from the cell to the mobile. It is specified U a resolution 
of 3 chips corresponding to around 100 meters. Hence, in some 
embodiments the propagation delay is measured and used to r< latively 
accurately measure a distance between the subscriber unit an< the base 
station. 

10 

In the described embodiment, the intra-cell orthogonality factct and the inter- 
cell interference factor are determined using one or more of dif erent possible 
approaches. Furthermore, in the described embodiment the ab olute distance 
is related to the maximum cell radius to generate a relative di* fcance measure. 
15 Thus, the distance estimate is normalised to the maximum rac ius of the cell. 

One approach for determining a suitable interference factor is o use a 
predetermined variation of the intra-cell orthogonality factor a id inter-cell 
interference factor as a function of the distance. For example, *< function 

20 expressing the relationship between the relative distance and he B-factor may 
be determined and stored in the interference characteristic pre lessor 111. 
Accordingly, when the access message is received, the interfere nee 
characteristic processor 111 estimates the distance and evalua es the 
predetermined function based on this estimate. The resultant : citer-cell 

25 interference factor is then fed to the resource requirement proc assor 113 where 
this value is used to determine the resource requirement in ac< ordance with 
the previously described equation. 



In a simple embodiment, a simple linear function is used to 
30 interference factors. For example, the smallest and largest 
interference factors may have been estimated or measured (co: 



determine 



the 
valies of the 

a responding to a 
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position close to the base station and one at the cell edge). The Interference 
factors may then be determined from- 



5 and 



f ./min ^ ^ * (./max -/min ) 



where r is the distance normalised to the maximum cell radiusg 



10 



Alternatively or alternatively, the interference factors may be letermined 
based on empirical data. For example, measured data may ha\ 3 been compiled 
for both inter-cell interference and intra-cell orthogonality at d fferent 
locations in the cells. The measurements may for example hav been made 
15 during dedicated measurement operations including drive test ng or may have 
been made for ongoing calls in the cell. The measurements are preferably 
processed to generate a relationship between the relative cell c [stance and the 

ted which 
nding inter-cell 



interference factor. For example, a look-up table may be genen 
relates the relative distance of a subscriber unit to the corresp< 



20 interference factor and intra-cell orthogonality factor values. F G. 3 illustrates 



an example of table distance values and their associated inter 
factor and intra-cell orthogonality factor values. 



:ell interference 



carriec out 



Prefi rably 



As another example, the interference factors may additionally 
25 be based on simulation data. Thus, simulations may be 
determine how the interference factors vary across a cell 
table similar to the one described for empirical data is develop 
Furthermore, the look-up tables for the empirical and simulated 
combined e.g. by the table originally being based on simulatior 
30 values gradually being adjusted in response to performed mea 



>r alternatively 
to 

a look up 

d. 

data may be 
data with these 
urements. 
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Preferably one or more of the above described approaches is us 



the interference characteristic processor 111 may be operable t > determine 



distance characteristic and evaluate if empirical data exist for 



the empirical data is used to determine the interference factor! . Otherwise! it 



5 is determined if simulation data exist and if so this data is use 



the interference factors are determined based on the predeterr ined function 

In some embodiments, signal measurement data may be included in the 
determination of the interference characteristic. 



10 



For example, the inter-cell interference factor and/or the intra 
orthogonality factor may be determined in response to subscril 
measurements of the pilot signals of the selected base station 
base stations. 



15 



Specifically, the inter-cell interference factor may in some emb 
determined by the subscriber unit measuring signal to 
the base station and a plurality of neighbouring base stations 
may be determined by measurements on the pilot signal from 
20 as is known in the art. The interference characteristic processc r 
determine the inter-cell interference factor f from the equation 



d. Specifica 



lly, 

a 



his value, ijfso, 



Otherwise, 



;eU 

er unit 
nd/or other 



>diments be 
interfei mce ratios for 
rhese ratios 
tie base stations 
111 may 



f=EEc/Ioc/Ec/Ios 



25 where Ec/Ioc are the linearised signal to interference ratios foJthe 

neighbouring cells and Ec/Ios is the linearised signal to interference ratio for 
the selected cell. 



The intra-cell orthogonality factor may for example be computed in response to 
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a measured signal to interference ratio of a signal of the base Ration and 



specifically in response to the measured signal to interference 
to a known transmitted signal to interference ratio of the base 



5 Hence, in this embodiment, the base station may receive a me* 
from the subscriber unit indicating the signal to interference r, 
at the subscriber unit. The base station furthermore has know edge 
downlink signal to interference ratio Ec/Ior of the signal as tra 
the base station. The difference between these values is indicative 
10 increased interference due to the inter-cell interference and th 
orthogonality factor. 



Assuming the inter-cell interference can be ignored without ui acceptable 
degradation, the intra-cell orthogonality factor may be deternr aed from the 
15 difference between the known and the measured signal to inte 

values. For example, an intra-cell orthogonality factor bias maf simply be 
calculated as 



atio compaied 
station. 

sured Ec/Ioj 
tio measured 
of the 

I 

ismitted frojm 

of the ' 
intra-cell 



20 



bias= 1- Ec/Ior / Ec/Io 



and the corresponding intra-cell orthogonality factor value as- 



0 = 0^+ bias (0^-/3^) 



25 In a more accurate embodiment, the measured signal to interference ratio is 
compensated for the inter-cell interference component before t Le bias is 
calculated. Specifically, the inter-cell interference determined rhen 
determining the inter-cell interference factor may be subtracts I from the 
interference component of the measured signal to interference patio. 

30 
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It will be appreciated that the interference characteristic may le determined 
e.g. based on both the distance characteristic and signal measr rement 
approach for increased accuracy. For example, the individually determined! 6- 
and f-factors may be weighted and summed to determine a con Dined 8- and f- 
5 factor. 



d( te: 



In some embodiments, a different version of the equation for 
resource requirement may be used. Specifically, the resource r 
subscriber unit i may be determined from the following equatic a 



10 



rmining the 
quirement for 



where 

P is the total power limit per base station (for simplicity assux|ea to be 
15 identical for all base stations in the above equation), 

0 is the fraction of total base station power which is dedicated x> traffic ( and 
hence is the control channel power fraction), 

01 is the fraction of total traffic power required for 1 th subscrib^ *u*it, 
a is the channel activity factor for 1 th subscriber unit, 

20 fit is the intra-cell orthogonality factor observed by I th subscriber unit (e.g. 
determined in accordance with the above described approach) 
PGi is processing gain of 1 th subscriber unit, 
(Eb/NJi is the required energy per bit over noise density for P 
for the requested service , 
25 L m ,i is pathloss between serving cell m and 1 th subscriber uni 



, and 

Ln„ i is pathloss between neighbouring cell n and I th subscribe r unit. 



Thus, the right hand side of the above equation provides an ac 
of the absolute transmit power required to support a service r< 



subscriber limit 



urate estimate 



€ juested by 
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subscriber unit i. By dividing this value by <f>-P y an accurate estimate of the 
fraction of total power required to support the service is obtainld. This may be 
compared to an available fraction of the transmit power currently available 
and a decision whether to accept or reject the request may be ifade 
5 accordingly. 



It should be noted that in the above equation, the inter-cell intf nerence factor 
is determined in response to a path loss estimate of a radio 
link between the subscriber unit and the base station and pat! 
10 of radio communication links between the subscriber unit and 
neighbour base stations. Hence, the inclusion of path loss data 
of cells in the measurement report enables a more accurate calculation \ 
required power. 



coximunication 
loss estimates 
plurality of 
:or a plurality 
of the 



Th ls 



requirement is 
, an 

willfce appreciated 
be 



15 It should also be noted that in the above equation, the resource 
furthermore determined in consideration of the noise level 
additional term is included which adds the noise power. It 
that in interference limited operating conditions this term maj 
insignificant. 

20 

The invention can be implemented in any suitable form includ ag hardware, 
software, firmware or any combination of these. However, pref rably, the 
invention is implemented at least partly as computer software 

25 or more data processors and/or digital signal processors. The a 3ments and 
components of an embodiment of the invention may be physica ly, functionally 
and logically implemented in any suitable way. Indeed the fun tionality may 
be implemented in a single unit, in a plurality of units or as pa ct of other 
functional units. As such, the invention may be implemented i: i a single unit 

30 or may be physically and functionally distributed between di£G|rent units ajnd 
processors. 
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Although the present invention has been described in connection with the 
preferred embodiment, it is not intended to be limited to the sp scific form set 

forth herein. Rather, the scope of the present invention is limit >d only by tljie 

» 

5 accompanying claims. In the claims, the term comprising does lot exclude ;he 
presence of other elements or steps. Furthermore, although inc ividually listed, 
a plurality of means, elements or method steps may be implem >nted by e.g. a 
single unit or processor. Additionally, although individual feat ires may be 
included in different claims, these may possibly be advantageo isly combined, 

10 and the inclusion in different claims does not imply that a com >ination of 
features is not feasible and/or advantageous. In addition, singx lar references 
do not exclude a plurality. Thus references to "a", "an", "first", fsecond" etc do 
not preclude a plurality. 



15 
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